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FET APPLICATIONS:

The bipolar tra.~sistor is the backbone of electronics. For certain ap~Li-
cations, however, the FET is preferred. FET is the abbreviation used for
these devices and stands for field effect transistor. How this name was
derived will be explor~~ durint this lesson. FET's have numerous appl~ca-
lions, includint controlled switchint from a conductint to a nonconductint
state. This feature is useful in ditital circuits. FET's are very suit-
able for intetration on a sintle chip, as many thousands of FET's are cam-
monly used totether in semiconductor memory devices.

THE KAIH ADVANTAGE:) OF n;T's:

Hi&h input impedance is the primary advanta&e of the FET. This quality
enables an input si&nal to be close to zero pover. yet still produce an
output si&nal. The hi&h input impedance also produces less loadin& which
adversely affects the lain of a transistor. There is. however. a price to
pay for this advantale. This larle input resistance causes the FET to be
less sensitive to input voltale chan&es than it's bipolar counterpart.
This results in a smaller possible volta&e lain than is produced by the
bipolar transistor.

Six additional advantases can be obtained When the FIT is used

1.

2.
3.
~ .
5.
6.

Operate. at low DC voltase..
The device is lisht in weisht.
It is small in size.
It is mechanically ruSSed.
It operates without seneratins much heat.
The YET will produce less noise than a bipolar device (low noise fis-
ure).

BIPOLAR AND UNIPOLAR DEVICESj A COKPARISOH:

The transistors discussed in previous lessons bave all been bipolar. This
means that bot~ electrons and holes were required for normal operation. A
YET is unipolar in that only one majority current carrier need be con-
sidered durin& normal operation. (holes in P-material channels, and elec-
trons in .-material channels). The YET has three terminals which rou&hly
correspond to the three terminals in a bipolar transistor. The terminals
of a F!T are called: ,ate, source, and drain. Pi&. 1 shows the relation-
ship of these terminals with one another in a PET, and compares the PET to
a bipolar transistor (8chematically).

Another major difference between the unipolar and bipolar device, is that
the ,ate of the junction field effect transistor (JFET) is reversed biased
(thus the hi&h input resistance), whereas, the bipolar device's base is
forward biased for normal operation.
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THE TWO MAJOR TYPES OF FET' s:

The two types of FET' s are:

1.
2.

The junction FET (JFET).
The metal oxide semiconductor FET (HOSFET) also called the insulated
&ate FET (IGFET).
Bulh types are further classified accordin& to channel material, P or
N type. Additionally, the JFET has only one mode of operation. This
mode is called the depletion mode. HOSFET's may operate in either the
depletion or enhancement mode. Each of these modes will be discussed
in detail.

JFET CONSTRUCTION:

The basic construction of the I-channel JFET is shown in Fi&. 2. The
I-channel JFET consists of a small, thin bar of silicon (in some cases
&ennanium may be used). Terminals are attached to the end, and the
drain terminal is attached lo the other. Between these connections
the silicon bar has a certain resistance. The faces of the bar are
doped with P type material; the two strips of P material are connected
internally. Their external connection is the &ate. A P-channel JFET
is of the same basic construction but with a P material bar and B ma-
terial impurities. Only the .-channel JFET will be discussed durin&
this lesson.
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The name t~ effect refers to the depletion retion formed around a PH
junction. This deplet.ion re&ton forms an electric field. The current
from source to drain DUst f10l1 throu&h a narrow channel formed b'etween
depletion rations. with zer, volts applied to the tate, the normal deple-
tion re&ion formed by the PH junction does not penetrate deeply enou&b
into the V-material channel to seriously impede current flow. The ~hannel
resistan~e for zero tate volta&e is determined by the dopint level of the
silicon bar. This resistance and the applied voltate determines the maxi-
DIm ~urrent that will flow throuth the devi~e. Fit. 3 represents t11le cur-
rent flow and the depletion retion (the shaded area) of a JFET with zero

volts applied to the tate.

As a ne&ative volta&e is applied, the &ate-source PH junction is reiversed
biased and the depletion re&ion increases. Recall, the depletion re&ion
is composed of ions, not current carriers. This reduction or absence of
current carriers forms an increased resistance to current flow. Hot.e that
in liS. .the shaded are representin& the depletion re&ions are penetrat-

ins deeper into the channel.
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As the negative voltage at the gate increases:, the gate-source PN j\mction
is further reversed biased and the depletion region expands yet mort~ deep-
ly into the channel. This reduction in the cross sectional width of the
channel reduces current flow through the devi,ce, hence reducing drain cur-

rent. It is possible to cause the gate vc)ltase to bec~ sufficiently
negative tp completely inhibit current flow t.hrough the JFET. The voltage
at which this occurs is the gate-source ~f[ volta~e. The cutoff volt-
age varies as to the type of YET. Fig. 5 shows the result when gate-
source cutoff voltage is applied to the sate. Note that the narrow
channel has been totally constricted by the depletion resions.

Because the &ate-source junction is normally reversed biased. there is no
current flow from source to &ate. This results in the desirable hi&h in-
put impedance which is the outstandin& advanta&e of the unipolar device
over the lpipolar. Typical input impedance for the .TFET runs around 100 H .

unlike the bipolar transistor which is current controlled, the unipolar
transistor is Yolta!e controlled. Ideally, Yolta!e at the !ate and notb-
in! el.e controls the amount of current flowin& from source to drain.
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For optimum operation. the JFET must have either zero volts applied to the
,ate or .~ 1r1qative volta,e (for an .-channel). Should the &ate volta&e
become positive enou&h to forward bias the &ate.-source junction dama&e to
the tranaistor could result. This is because the depletion re&ion is so
,reatlr reduced that the current tbrou&h the device will &reatly in-
crease. At the very least. the hi&h input impedance advanta&e would benullified.

J'FET SCHmArIC SYDOLS :

A JFET is described as bein& either symmetrical or asymmetrical (or non-8fD1D8trical).

1.

Symmetrical refers to the fact that the source and drain can be inter-
chan&ed in a circuit without adversely affectin& the desired operation.
Asymmetrical means that the drain and the S~Jrce are 80 labeled on the
FET. Care D1st. therefore, be exercised whim replacin& this type of
YET as an improper connection will cause tb,e circuit to malfuncti,on.
Most YET's encountered in consumer products are asymmetrical.

2.

Below are illustrated the schematic symbols for the .-channel JFEr. Fi,. 6
also demonstrates the common abbreviations for the drain, source, and
,ate. Fi,. 7 compares the Ichematic symbols of the .-channel and t.he
P-channel JFET. 'i,. 8 shows the symbol for the ..,...trical JrEr. .ote
that the ,ate 1. positioned nearer the source than.in the symmetrical JFIT.

D

Figure 6 ETIOAI.-SO6

If~hannel P-channel

Figure 7 ETIOAL-SO6
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KOSFET CHARACTERISTICS AHD CONSTRUCTION:

The second main cate&ory of FET' s i~ the !!.~ ~~ semiconductor m, or
KOSFET. The principle characteristics of \..his Ut1Lipolar device are as fol-

lows:

1.

The &ate volta&e controls the drain current and the input impedance is

a very hi&h resistance.
The most si&nificant difference between the JFET and the KOSFET is
that a positive volta&e can be applied to the gate of the KOSFET with
zero &ate to source current flow. This is due to the fact that the
~ate and the source does not fonn a PH junction as the gate is in-
sulated from the silicon bar. With nothing lo forward bias, the input
impedance remain6 hi&h even with a positive voltage at the &ale.

KOSFET's lUY operate in one of two modes:

2.

3.

depletion mode
enhancement mode

8.b.

Fi&. 

9(a) shows a silicon bar with drain and source tenninals. Fi&.
9(b) shows the addition of the substrate to form a narrow channel
throu&h which electrons must flow from source to drain.
In 9(c). an insulatin& material is bounded to the silicon bar, and,
finally, 9(d) illustrates the metallic &ate bonded to the insulation.
The MOSFET is also known as the insulated ~~ FET or IGFET;
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IIOSFET OPERATIOR 1& THE DEPLETIOH MODE:

The drain is connected to the positive volta&e source YOO (refer to Fi&.
10).

The source is connected to a nesative terminal of the battery and the sub-
strate i. connected to the source to ensure that the PK junction formed by
the substrate and the silicon bar does not forward bias. With no volta,e
at the sate. current flows from source to drain just as it doH in the
JFET. As a nesative volta,e is applied to the ,ate. current carriers
within the channel are depleted and current flow is deerea.ed.

To further illustrate the operation, the &ate and the. type material of
the channel can be viewed as the two plates of a capacitor. The insulat-
in& material. then. is the dielectric material between the plates. A8 a
ne&ative &oin& volta&e is applied to the &ate. a ne&ative char&e is de-
veloped at th, &ate. The other plate (the H material of the channel) de-
velops a positive char&e. This positive char&e forms a depletion r8&ion
in the channel. narrowin& the channel and restrictin& the current flow.

The more ne&ative the &8te volta&e becomes. the wider the depletion re&ion
becomes and the less current flows. With a sufficiently hi&h ne&ative
volta&e applied to the &ate. the current will cea.e to flow and cutoff
will have been achieved. Thus, the MOSFET acts much like the JFET in the
depletion mode._-
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KOSFET OPERATIOR IR THE EHHABCEHERT MODE:

Since the tate of the KOSP'ET is insulated and no PH junction formed, a
positive voltate may be applied to the &ate and the device may be operated
in the enhancement mode. iefer to Fi&. 11 for the enhancement mode of
operation. With a positive voltate applied to the tate, a capacitive
effect is induced. This time, however, the positive at the &ate produces
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.ne&ative char&e in the channel which effectively increa:les the current
carriers within the channel. This allows ~he current in the channel to
increase, and electron flow from source to Jr&Lin has been enhanced. nte
de&ree of enhancement is determined by the ma&nitude of the positive volt-
8&e. The resistance, as previously noted, remains hi&h in either Jll()de,
ran&in& in value from about 10,000 ill\. to OVf"r 10,000,000 ilA.

The device Ishown in Fir;. 10 and Fit. 11 is a 5 channel ItOSFET. The P
channel KOSFET operates in the same manner except that the applied voltale
DUst be netlative. 50 detailed explanation of a P channel HOSFET will be
included in this lesson. Since a channel exis1t.s when zero voltale is ap-
plied to the tate. this device may be called a ~LormallY 2n KOSFET.

Recall that the a capacitor (on the order of 10 pF) is formed by the &ate
insulator. and the channel. This produces a built in structural veakness
vithin the KOSFET. Because the insulatin& mllterial is thin. it can be
dama&ed by static electricity. For protection of this unit. manufacturers
provide the leads of the device shorted to&ether. This shortin& device
should not be removed until the KOSFET is to be placed in the circuit.

-

.F1sure 
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KOSFET SCHEI!tATIC SY:KBOL:
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THE DHA&CEKEHT OBLY KOSFET:

The enhanc~t only KOSFET. as the name implies" operates in the enhance-
ment mode only. Tbis type of YET is often found in di&ital and in switch-
ins circuits. Fi&. 13 shows a block dia,ram of the enhancem.nt only KOS-
FET. Bote lhal the substrate completely divides the silicon bar and no
channel exists. nws, when the ,ate vollase is zero. the volta,e sout"ce
attempts lo force electrons from source lo drain, but the P material 8Ub-
strate baa only a few thermally produced electrons. Aside from these mi-
nority carriers and some surface leakase, the current between .ource and
drain is close lo zero. For this reason. the emhancemenl only BOSFET is
also called normally off.

To induce current flow, a positive voltar.e Jll.Jst:. be applied to the r.ate.
The r.ate, insulator, and the P material substrat~e forms a capacitor. For
lover r.ate volta,es the positive cherIe on the ,ate induces ne,ative ion
formation produced by valence electrons fillinl. holes in the substrate.
As the positive potential at the ,ate is further increased, electrons are
placed in orbit around these ne,ative ions. With the ,ate voltatoe posi-
tive enou,h, a thin layer of electrons stretch all the way from source to
drain tbrou,h the P material substrate, forain, a B channel. The elec-
trons forminl this bridle across the P material substrate is called the I

~ inversiOtl !!,I!!:.
The miniDUm ,ate-source volt-lie necessary to create the R type inversion
layer is called the threshold volta~e. Threshold volta,es vary with the
type of KOSFE'l'. varyin, from less than one volt to ~re than five volts.
Threshold volta,e is determined from the moment current be,ins to flow

throu,b the KOSFET.
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(a)

Figure 14

ETIOAL~S12

tHHAHCEHEHT OWLY MOSFET SCHEIU.1'IC SYImOI.:

When the sate volt.ase is zero. the enhanceuent onl)" KOSFET is off as no
channel exists for the electrons to flow between the source and the
drain. The schematic sJmbols. in Fist.. l~ (a) and (b) have broken :Lines
represent ins the unformed channel. A8 alread)" discussed. the threshold
voltase creates the. type inversion la)"er clonnectins .ource and drain.
The arrow points in wben this inversion la)"er is nesative and out when it
is positive.
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VDD

15 ETIOAL-S13FigureTHE JFET AKPLIFIER CIRCUIT:

PC card .9 operates utilizinz the concept of ~~ or ~ biasin&. This
type of biasinz ensures that the zate-source Pli junction remains reversed
biased for small siznal inputs. To better understand this concept, refer
to FiZ. 15 and the accompanyinz formulas.

'os .'DD -ID(ao+ ~)

Ya .loBs

Va.O
'as .'a -Vs .0 -IoRs

YGS .-IoRs

ETIOAL-S13

As is appare~t from the fot'DIlas. the "oltage drop across the source re-
sistor provides the necessary reverse bias to ensure optimum JFET opera-
tion. Let us arbitrarily choose a voltage to represent the gate-source
bias (-1.5 volts will do) and apply an input voltage of one volt peak to
peak. We can see that the input voltage will "ary around the bias. Spe-
cifically. it will go positive to -1 vnlt and negative to -2 volts. The
gate-source junction. thus. remains reversed biased during all portions of
the input signal. ~is swing in voltate at the tate controls the amount
of current throuth the channel and. he~'e. chat\tes in the voltate dropped
across the load resistor. In this ex8Int>le. the output voltage mitht vary
from 7 volts to 13 volts and the JFET has successfully been made to ampli-

fier the 1 volt input.
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OPERATION OF PC ~9:

PC ~9 il' an amplification circuit utilizin& a JFET Whi-h is self biase~.
Refer to Fi&. 16 for the schematic. R5 is the source resistor Which will
help establish the &ate-source bias with 0 vo11t.s DC at the &ate. B.3 is of
hi&h res:stance to ensure that zero volts is always pre~ent at TP 3. This
is due to the size of B.3 &uaranteein& a short time constant prohibitin& C1
from developin& and holdin& a char&e. R. is the load resistor and de-
velops the circuit lain. C3 prevents de&eneration. and R6 adjusts the
amplitude of the output si&nal. C1 and C2 a1:-e couplinro capacitors While
B.l and R2 form an AC voltaroe divider. nte output waveform for this and
ill amplif ier circuits utilizin& FET' s is llJ) deR.rees out of ~hase~ with
the input. ntis phase shift is characteristic of a unipolar device.

JFET AMP PC 49

Figure 16

ETIOAL -S14
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Theoretical troubleshootinl
CARD .9

1.Durin, 

the PEt normal volta,es/vaveforms should be observed and re-
corded bej:ore troubleshootinz, a faulty circuit.

2.

Ensure that proper troublesbootin& procedures are followed by each
student. Demonstrate correct procedures While sboviD& tbe trouble-
sbootins examples to the students.

3.

The followins are examples of volta&es normally associated vith a cor-
rectly functionins card .9. Ensure that tl~e students realize these
are approximate voltaseB only; that actual measurements vill differ
from circuit to circuit due to variations in applied yolta&es and com-
ponent tolerances.

TP2
TP3

OVDC
OVDC

20Omv
20Omv PIP

+.672VDC Ov PIP

+9.28YDC 1.4v PIP

OVDC 1..v PIP

OVDC 60Omv PIP

Applied yolta&. PIB "0" i. approximately + 12VDC.

BOTE: Point out that under normal Operatin& conditions. only TP5 and TP4
viII have DC voltaz,es.

TROUBLESHOOTIIiG EXAMPLES
CARD 49

'1. 8.

b.

e.d.e.

f.

Make a waveform check At the circuit output, TP7. Result: 1'0
waveflorm.
Make a waveform check at the circuit input. TP2 or TP3 may be
checked at this time; TP3, however is the preferred choice.
Result: TP3 has a normal ~veform.
Make a waveform check at TP5. Result: 80 waveform.
Bake a DC check at TP5 and TP~. Result TPS .OVDC, TP~ .OVDC.
Make P8 resistance checks around Ql. Result: Ql checks out &ood.
Because DC volta&e decreases below an openin&. check resistance
across R~. Result: Infinity.

Conclusion: RA is open.

Check output waveform, TP7. Result:
Check input waveform, TP3. Result:
Check TP5. Result: No waveform.

No waveform.
Wave~f orm normal

2.a.b.

c.

12



FIELD EFFECT TRANSISTORS FILE 60: ETIOAL-HOI

d.
e.
f.

Kake DC check. TP5. Result: 2..5VDC. .
Make UC check. TP.. Result: 2..5VDC.
Becau-e the same voltale appears at two different ~)int8. it may
reasonably concluded that TP5 and TP. are shorted tolether.
Check resistance TP5 to TP~. Result: .OOlrL.&.

Conclusion: Ql drain and source shorted

3. Check output. TP7. Result: So output.
Check input. TP3. Result: The si&nal amplitude is &reatly de-
creased.
Check TP2. Result: Si&nal amplitude is &reatly decreased.
Check TP5. Result: So waveform.
Make DC check. TP5. Result: At 2..8VDC, the volta&e has de-
creased.
Check TP. DC. Result: At 2.37VDC the volta&e has increased.
Kake a check for DC at TP3. Result: TP3 now has DC volta&e which
is 2.48VDC and therefore equal to the volta&e at TPS. leadin& use
to believe the &ate-drain mi&ht be short.
Kake resistance check TP3 to TP5. Result .OOln.

e.
b.

c.
d.
e.

f.

K.

h.

Conclusion: Gate and drain of Ql is shorted

Analysis: 

Shortin& the ,ate-drain will forvard bias the ,ate-source PH
junction. The PH junction has very little resistance. therefore the pres-
ence of bypass capacitor C3 is now felt on the ,ate terminal which by-
passes m2!1 of the input si&nal to &round. The small resistance remainin&
in the forward biased PH junction develops the small si,nal seen at TP2
and TP3.
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The Junction Field Transistor (JFET) i 'onstructed as P-channel
or H-channel. The three elements of tt lFET are referred to as
source, drain, and &ate. Current alwa; flows from source to
drain. JFET's ar~ made to operate onto in the depletion mode,
which requires a DC valtate to keep thE: gate-source PH junction
reversed biased.

HOSFET's or ICFET's are also distin&uished by the hi&h input impe-
dance and low noise level. HOSFET's can be P-channel or
H-channel; HOSP'ET's may operate in either the depletion mode or
the enhancement mode. If operation is in the depletion mode, a
&ate volta&e must be applied to reduce current flow throu&h the
channel. If the MOSFET is operatin, in the enhancement mode, a
volta,e must be applied to the &ate to increase the current flow.
Also discussed vas the enhancement-only HOSFET, called the normal-
ly-off HOSFET. In this type of FET a volta&e must be applied to
the &ate to form a channel Which will enable current flow.

All YET's are unipolar devices which means that only one type of
majority current carrier is considered durin~ normal operation.
The YET combines the hi~h input impedance of the vacuum tube vith
all the advanta~es of the transistor.


